INFN

Istituto Nazionale di Fisica Nucleare

16th Patras Workshop on Axions, WIMPs and WISPs

CYGNO- A 3D OPTICAL READOUT TPC FOR
@ DIRECTIONAL DARK MATTER SEARCHES IN TIUM

André Cortez
Gran Sasso Science Institute & INFN Laborati Nazionali del Gran Sasso

Istituto Nazionale di Fisica Nucleare

FE.D. Amaro, E. Baracchini, L. Benussi , S. Bianco, C. Capoccia , M. Caponero, G. Cavoto, A.EV. Cortez , R. J. de Cruz Roque, I. A. Costa,
E. Dané, E. Di Marco, G. D'Imperio, G. Dho, F. Di Giambattista, R. R. M. Gregorio, F. lacoangeli, H. P. Lima Junior, G. Maccarrone, R. D.
P. Mano, M. Marafini, G. Mazzitelli, A. G. Mc Lean, A. Messina, M. L. Migliorini, R. A. Nobrega, A. Orlandi, [. F. Pains, E. Paoletti, L.
Passamonti, F. Petrucci, S. Pelosi, S. Piacentini, D. Piccolo, D. Pierluigi, D. Pinci, A. Prajapati, F. Renga, F. Rosatelli, A. Russo, JM.F. dos
Santos, G. Saviano, A. da Silva Lopes Junior, N. Spooner, R. Tesauro, S. Tomassini, S. Torelli

The

ROMA \ University \}5 ( S AP]ENZA 12 50 @ ??é%?é?ﬁgmum ‘ﬁ Jf ’
_A TRE 3 @\ 2) (S)flefﬁeld &\\[’)/g UNIVERSITA DI ROMA  oxivencionn s I E‘fHDDLOFADVANCED STUDIES CBPF

UNIVERSIDADE c ilei
UNIVERSITA DEGLI STUDI COIMBRA FEDERAL DE Juiz DE FORA SSQE.T,E';?E?Q?EJ’;*



https://agenda.infn.it/event/20431/

Outtine

Dark Matter and WIMPs

How can we explore Dark Matter?

Importance of Directionality in Dark Matter Searches
Time Projection Chambers with Optical Readout
CYGNO Roadmap
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What can we do?

CYGNUS Collaboration



Dark Matter and WINPy

One of possible constituents of Dark Matter are the Weakly Interacting Massive Particles: neutral particles

with a very low interaction probability with ordinary matter;

Our Milky Way, like most galaxies, is surrounded by an approximately spherical halo of WIMPs.
The Sun and the planets move through this halo towards CYGNUS constellation intercepting a

WIMP wind originating from it.

Events caused by Dark Matter interactions have a preferential direction in space because of the

Earth’s motion with respect to the Dark Matter Halo
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How can we explove Dark Matter?

One possibility is trying to detect the products of its interactions with ordinary

matter, through charged particles thatwe know how to detect; GeVWIMP keVithreshold
2.00 keV 0.5 GeV
WIMP 1.30 keV 0.9 GeV
\ nuclear recoil track charge 0.57 keV 1.4 GeV
/‘-‘T;i;““" = 0.38 keV 1.7 GeV
0.32 keV 1.8 GeV
0.27 keV 2.0 GeV
In order to maximize the fraction of transferred energy it is then crucial to have 0.20 keV 2.4 GeV
0.06 keV 4.2 GeV
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Large regions of high masses spectrum already
explored without any confirmed evidence of WIMP

4

Focus shift towardslower masses (below 10 GeV)

4

Lower mass elements provide the best candidate

targets(He and H)‘

Enables the identification

topological

signature of differentevents(e.g. ER and NR).




lmportance o) Directionality in Dark
NaHer dearches

Energy Termporal Directional Whal can we QXPCOPG/?
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How can we do iF?

lighter WIMPs

DAMA/LIBRA Collaboration
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TPC with Optical Readout

Recoiling nucleus
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Experlmen‘t"

N T ‘ What can we get?

» 3D tracking(position and direction)
* Particle D (dE/dx)

lonisation signal  Axial directionality
amplification &

* Head/tail
« Backgroundrejection
« 3D fiducialization

readout

Differenttechnologies can be used to readout
the signal.
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Enabling to reduce the number of channel
numbersthus the DAQ complexity

What i» owr idea?

« Readoutthe light produced during the charge avalanche

lonization clusters
lonizing track

Electrons
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TPC with Optical Readout

Why wring optical readout?  scmos: PMT:

* Readoutthe light produced high granularity integrated
during the charge avalanche X-Y + energy measurements c Z + energy measurement
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ORANGE
~RONA1
- 1cm drift

2015-2016 2om-20 m

CYCNO Roadmap

Phare O: R&D
LENOn MANCO
@LNF eLNFANGS
- 3D printing - variable drift
- 20 cm drift distance
- performance
testing

Line

LNFANGS

- 50 cm drift

- underground tests
- shielding

- data taking

2021-2022

Phase 1: 0(1) m3 Dermornstrator

Construction & Test

@LNFANGS

- background

- material tests

- gas purification
- scalability

2022-2023

Installation &
commissioning

&LNGS

- installation and data
taking with O(1) m3
detector
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Electroluminescencein
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1sCMOS + 1 PMT

CXG N O 20 x 24 cm? readout area Field Gage
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Diffusion can be explored to evaluate the Z
position with an average resolution of 15%.
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WPy 0.98 041 040 | 0.70 0.012 0.008

Table 1. Signal (nuclear-recoil-induced by AmBe radioactive
source) and background (photoelectron recoils of x-rays with
E =5.9 keV from >>Fe radioactive source) efficiency for two

different selections on §.

A sizeable efficiency in the range 5-10
keV was measured while more than 95%
(99%) 55Fe photons were rejected.
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SCMOS - CAMERA
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LINE Underground @ LNGS <

LUNA 50kV

... WITH UPPER FLOOR

Used as Control & Service Room
LQNA—MX - Gas System
- Clean Room Access
- Storage

LIME is expected to be
installed underground at
LNGS (3600 m.w.e.) by fall
2021.

LIME goals:

- Measure environmental
neutron flux

Cesidho Copoccio@ LN INENIT
WATER SHIELDING WITH |
MRP-TANKS &

POLYETYLENE PARTS

Neutron Shielding (50 cm water)

_(12x) POLYETHYLENE WATER TANK

- Measure internal
backgrounds towards O (1)
m3 detector development

N. 16 MRP-TANKS
N. 04 POLYETHYLENE BLOCK (1/4 MRP SHAPE)

N. 36 POLY. SHEETS 950x750x50 (BOTTOM & TOP) I"‘COPPE'R BOX

Gamma Shielding
(10 cm Cu)

CesidNo.Capoccla @ LNF INFIN.IT
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* O(1) m3 of He-CF4 (60-40) at atmospheric pressure
and room temperature

 Modular detector - LIME-like modules

« Back-to-back TPC with 50 cr‘rzydrift of 1 kV/cm
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1sCMOS + 4 PM

33 x 33 cm2area
50 cm drift

’ sCMOS sensor 65

o ) cm away
‘ Almost 108 readout
pixels (165x165 um?)

Isometric view
Scale: 1:15

Fast light detector
(PMT or SiPM).

Radioactivity shielding:
- 5 cm thick copper box(and similar Faraday cage)
- 200 cm of water
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What opportunities are theve?

Neutrinos are seen as unwanted background .
: : [> Neutrino Spectrosco
but can also be interesting to explore. P Py

Using a gaseous TPC we can study the
' T T neutrinos via electron scattering.

: il Here is the reason why...
Ctlonal TPC - sub-millimetre tracking capability (Borexino is 12 cm)
S . . g cap y .
Water - 10 keV directional threshold for electron recoils
Cherenkov - keV energy resolution
- low mass target
‘8 x?l'f]
For 1 m3 of He:CF4 60:40 with 20 keV threshold
- events events
=N, - (E)py, iE R=29-10"°% — =109 :
D A R P L T " o
\\. Given the Sun position, € .. Differently from WIMPs,
. " - recoils in opposite 3 a e background can be
direction are vV N, AR o measured on
kinematically forbidden =~ — = @ \ sidebands data
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CYCNVS Collaboration

CYGNO project is developing a GEM-based TPC optically readout for rare event studies
promising performance was found in the keV region

— ‘ » o :

] ‘a_::“, ':‘.‘ﬁ}»‘ s CYGNUS-KM

= o . 3 CYGNUS-10 ¥ Kamioka, JAPAN
’ Boulby, UK N He:CF4(:SF¢)

10 m3He:SFy Strip Readout
GEM + Wire

CYGNUS-HD10 CYGNO

SURF, USA ; Gran Sasso, ITALY
10 m3 He:CF4:CsH10 . 1 m3 He:CF4(:SF¢)

Strip Readout GEM + Optical

N oy . 2 i
o y s «
o Readout - ,.
z —

A CYGNO-OZ
CYGNO is working in the framewor,i of CYGNUS: an international Collaboration Stawell, Australia

S Sl s, Sl .R&D to 1 m3
aiming at the realisation of Multi-site Recoil Directional Observatory for WIMPs and neutrinos;

More than 50 signed members UK, Jagih, Italy, Spain, China focused on gas L&
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Why 5CNOS and PHT?

Over 70 - High granularity PMT
- Lower number of channels to readout large areas Hamamatsu
- XY position and energy deposit measurements R1635
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m—— b i ' —_ 8 g _)L"Ba‘l; l \ I’/I \\‘ A\ \X\ Csl (M) | S ‘;‘.-‘
© ™ 22 ; . ¥ J !
: - Sog " 7] N WA |-
Q.8eec‘_rcrzﬂ‘s—3!§ﬂ 1 4 & \ 1/3 noise W.r.t. CCDS %EE 10 M‘/]/ i N \? 'gh
Market pulled 2zE " —1N (=8|
P =55 \
waww
. . s @y BIALKALI
Single photon sensitivity 288 NI
Decoupled frc?m target gas ‘%EE ‘ | u
Large areas with proper optics  z° \ iy
He nuclear recoil _ o1 \ '

200 300 400 500 600 700 800

WAVELENGTH (nm)

90
80
I =
Camera e T RN
g m - [ /." P o T e —— "\“
sensitivity g @[>
g 40 [~
30
20 ORCA-Flash4.0 V3 (New)
....... ORCA-Flash4.0 (Conventional)
"' b = : - o . :'\'\! il First-generation sCMOS
I I I
300 400 500 600 700 800 %00 500 600 700 800 900 1000

450 MeV electron with its & ra waelencth (nm) Wavelengh (om) 21



